- . . .
COHPOSITES(U) REROSPRCE CORP EL SEGUNDO CcA MTERIRLS

A FELOMAN 035 DEC 86 TOR- m(??lﬂ)-i

UNCLASSIFIED F04701 85 C-DOG /G 20/11




2
|
—-
-
]
-.
.
y,
3
ol o0 © ’
.4
22l el
W@ﬁ“.,u_ “1|I\|||d
=
= - w i
. ° o
[ ]
v v =
e ————— )
3
R
4
]
y
n.\.,....\.c.._...,M.x..“...x.s.u.... .(,. AR N R L S R R s 5~ e e e




AD-A1

Eia % e - g ';-v,_‘

AEROSPACE REPORT NO.
. : ’ TOR-0086A(2728-02)-1

- /

High Temperature Creep Effects
in Carbon Yarns and Composites

Prepared by

L. A. FELDMAN
Materials Sciences Laboratory

5 December 1986

Prepared for

OFFICE OF NAVAL RESEARCH
Arlington, VA 22217

PEM AN (e
SPACE DIVISION LAY RUEY
AIR FORCE SYSTEMS COMMAND '
Los Angeles Air Force Station JAN 2 sacy
P.O. Box 92960, Worldway Postal Center o
Los Angeles, CA 90009-2960 ALGLEY Res, . 0m

el JENTER
LIBRARY, wasa
"'(&MPTON, VIRGINIA

Laboratory Operations

THE AEROSPACE CORPORATION

APPROVED FOR PUBLIC RELEASE:
DISTRIBUTION UNLIMITED




KNt R A ot i A A bbbl it ki e e a A A M A Ml A b b 2t ae A BT o8 L2 B2 RV AP BT REEF LT,
.
~~‘
A
‘“ UNCLASSIFIED
E! SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)
. . READ INSTRUCTIONS
(f’ 1. REPORT NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
A
4. TITULE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED

HIGH TEMPERATURE CREEP EFFECTS

ARBO Y AND OMPOSITES 6. PERFORMING ORG. REPORT NUMBER

- N ¢ N YARNS ¢ TOR-0086A(2728~02)-1
STAUTHOR(S) B. CONTRACT OR GRANT NUMBER(s)

. L. A. Feldman F04701-85-C~-0086-P00016
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK

AREA & WORK UNIT NUMBERS
The Aerospace Corporation

El Segundo, CA 90245

1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE :
Space Division 5 December 1986
Los Angeles Air Force Station 13. NUMBER OF PAGES |
Los Angeles, CA 90009-2960 12
T4. MONITORING AGENCY NAME & ADDRESS(If different from Controlling Oftice) 15. SECURITY CL ASS. (of thie report)
Unclassified
Office of Naval Research . : S ERABI
. SSIFICATION/D N
Arlington, VA 22217 S CENEOGTE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the ebstract sntered In Block 20, {f different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side {f necessary and identity by block number)

Carbon—carbon composites High temperature creep
Carbon fibers Microstructure

Carbon yarns Resistivity

Creep Vibrating beam

Elastic modulus
20. ABSTRACT (Continue on reverse aide If neceseary and Identity by dlock number)

‘Carbon yarns and composites were subjected to creep under tensile loading at
2000 to 3000°C. Changes in microstructure accompany changes in the apparent
modulus of filaments and composites, as measured by a vibrating beam

technique. Discussed are examples of decreased apparent modulus after high

temperature creep and their implications for degree of fiber~matrix
interfacial debonding./

(FACSIMILE! SWCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

N o0 "ORM 3
P




A R R R R Bl AR R b Ra AVa SU Nta Sh 0007000 2 0 ‘alh 't Al ra i vl (il vl af vall w hoal ol sad aoh il Mol tnh Bt fod Wl
“ v 5 ~ et & A oA GdRa-a s ana o'l A R T S

Aerospace Report No.
TOR-0086A(2728-02)-1

HIGH TEMPERATURE CREEP EFFECTS
IN CARBON YARNS AND COMPOSITES

Prepared -
Accession For

- NTIS GRA&I

r DTIC TAB ;Lg !

-f Q ‘-&QJM&P Unannounced 0O (

. ' Justification __ .

L. A. Feldman — ;
By. !
_Distribution/ |

Availabiiity Cod°s ;
Avafl and/or i
Dist Special

Approved !
Al |
AN

R. A.” Meyer, Head R. W. Fillers, Director
Carbon and Polymers DepArtment Materials Sciences Laboratory

- e

«
.-'

el

r:
>

A

'

voe The information in a Technical Operating Report is developed for a particular
. program and is therefore not necessarily of broader technical applicability.

i' A

o

¥, '

;o

" .

L

poh e i

.‘ '

I'“

e

ey

hz"'.l"\‘.l' FACS '«'w‘ e o
L’u‘u?.ﬁ;ﬁm M‘ WA

\ "- - - T e
A RIWIIIINROIS DI NINV,



rd

Py
S @

ot s
ot b

D A
PR

?

-

o

7,

"‘-

AR
'

PR
2 %
L

Ll
T
e
S

o NN

ot
Sty

A

NTﬂl_tl

D M}
AT T
v

e Rt R At
RS

VR

I,

P ; ')I ,..l,"‘y"'\;“v Y

<,

»
Ca
AP ‘-

. o
»a
@

"':.'-).\ . ?\

e @

R J‘.‘ R

CofllaiR ol a6 il G4 e i e h Sl Gl Boll sbul st dad ol £ o

ARSI MRS A Al Nl Calk dat Ol i g B 8" Ak gta atal N0g" Re" ARt he v g g ST R LY TR LY VUV WV LWL

FOREWORD

The information in this report was included in an Extended Abstract for
the 17th Biennial Conference on Carbon, held in Lexington, Kentucky, 16-21
June 1985.

We thank the Office of Naval Research for support in the preparation of

this report and Dr. L. H. Peebles, Jr., for his encouragement and criticism.
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Carbon fibers and composites are increasingly being used in applications
requiring strength and toughness at extremely high temperaturas. 3Dut because
high-modulus, highly aligned carbon fibers have large thermal expansion aniso-
tropy, incorporating them into carbon-carbon composites requiring extreme
processing temperatures induces large internal stresses in the material that
can lead to damage and flaws. Stress relaxation can occur at high temperature

by creep, the rate for which depends on temperature and stress.

The present investigation focuses on changes caused bv creep under
uniaxial tension in unidirectional composites of HM3000 PAN-based and P55
mesophase-pitch-based carbon yarn with a carbon matrix produced from a 15V
pitch precursor. Those changes were monitored by microscopy and elastic

properties measurements using vibrating beam techniques.
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I1. EXPERIMENTAL

Creep experiments were conducted with a specially modified high
temperature furnace, ! Samples of unidirectional carbon-carbon composite yarn
were prepared from HM3000 yarn and 15V pitch by immersing yarn in melted
pitch, then calcining it up to 1000°C at a slow heating rate under inert
atmosphere. The looped-end samples were then tested in tension in the creep
apparatus. Samples exhibited creep rates increasing with temperature above
2000°C and failed below 3000°C. Scanning electron micrographs of a sample
near the point of failure zre presented in Fig. 1.

In contrast to other methods of measuring elastic properties using
vihrational resonance,2_4 we exploited the relatively good electrical conduc-
tivity of carbon fibers and of the unidirectional composite samples, both
unpyrolyzed and fully heat—treated. Vibrational modes were excited by passing
an oscillating current through the sample in the presence of a magnetic field
of approximately 3 kG provided by a small cobalt-samarium alloy magnet.
Resonance was ooserved by means of a low-power optical microscope. The
experiment is diagrammed in Fig. 2. The beam is supported with pointed elec-

trical contacts, reducing the number of physical contacts with the

HM3000-66 WT% ISVOPITCH
TMAX ~ 3000°C
-Arl‘ {hot zone) — 5%

10 ksi

Figure 1. Example of matrix cracking and filament necking.
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Figure. 2. Schematic of beam in transverse vibration.

sample to two from the four required for the piezoelectric technique. Simple

" ®

.A .

vibrating beam theory was used for analyzing the reSults,5 and beams of

rectangular, round, and other cross sections were measured.
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{ III. RESULTS AND DISCUSSION

After straining to failure at approximately 3000°C, the HM3000-15V

B unidirectional composite sample contailned aumercus transverse matrix cracks

" spaced regularly along the filament direction, similar to those in Fig. 1.

- Filaments within the matrix cracks narrowed substantially, by a factor of 3 or
»}{ more, in contrast to the WCA-A240 and P55-A240 composite samples.1 There 1is
also a wide range in the degree of narrowing of filaments within the cracks,
. though some filaments were apparently unaffected. This difference may
indicate variation in the degree of interfacial bonding between filament and

matrix, as well as possible breaks Iin filaments within the composite. Thus,

S o o AR g

L7, l’ y %x

it would be possible for stress transfer to be nonuniform among the filaments,

such that the stresses on the most narrowed filaments would be greater than

1, & 7,
i 3

- those on the unaffected ones.

Interfacial debonding in these materials 1s evidenced by their ability to
undergo substantial bending at room temperature without fracture. 1In contrast
to WCA-A240 and P55-A240 composites, which undergo brittle fracture in bending
at room temperature after undergoing high temperature creep, the HM3000-15V
' sample of Fig. 1 could be bent to approximately a l-in. radius, as shown in

Fig. 3, as a consequence of the transverse matrix microcrack structure and the
- weakened or modified interfacial bonding. Ostensibly, during bending, the
i strain is accommodated by sliding of filaments within the sections of matrix

o tiolding the filaments together, -o that stresses on the filaments and matrix

® do not cause fracture. The transverse microcracks in the matrix take on a
wedge shape, moving toward each other at the inner fibers and moving away from
each other at the outer fibers. There seems to be enough interfacial friction

that the sample remains somewhat rigid and will hold its shape upon being

A
P T T

flexed back and forth several times. The amount of bending that can be

2@

accommodated by this structure can be estimated by calculating the radius of

N .( ‘ll

curvature when the microcracks form wedges that are just touching at the inner

o Ty

g ot ¥ W N .'.' P

fibers. This radius R is approximately ab/2c (assuming a, b >> c¢), where a 1is

Ta g

bundle diameter, b is average distance between microcracks, and c is average
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micrucrack width. For a =1 mm, b = 0.3]1 mm, and ¢ = 0.00463 mm (see Fig. 3),

*he minimum bend radius is about 34 mm, close to that observed.

Figure 3. Postcreep sample of HM3000-15V showing bending
and interfacial slipping at room temperature.

Elastic modulus along the fibers was calculated from the measured
frequency and the dimensions and mass of the sample, using the formula for the

lowest flexural mode of a simply supported beam:
- (
£ = 7 (1)

where EI is flexural stiffness (dyne—cmZ), q is mass per unit length (g/cm),

and L is beam length (cm).S

Table 1 is a comparison of flexural modulus measurements for samples of
P55-15V, both as—impregnated and after calcining at 1000°C under inert gas,
and for HM3000-15V as-impregnated and after creep to 3000°C (see Fig. 1).
Included are estimates of the modulus as a percentage of the rule-of-mixtures
(ROM) modulus, neglecting the matrix modulus and assuming the following prop-
erties of the fibers: P55--10 um diam., 55 Mpsi; HM3000--7 um diam., 50

Mpsi. In contrast to the other samples, which have a substantial fraction of
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the ROM modulus, the apparent modulus of HM3000-15V has greatly decreased
after high temperature creep, which may further indicate interfacial

debonding, discussed above on the basis of the bending observations.

Table 1. Average Flexural Modulus

Modulus Diameter Density

Specimen (Mpsi) ZROM (mm) (g/cm3)
P55-15V

As-impregnated 10.8 56 0.767 1.52

1000°C 17 .1 76 0.701 1.23
HM3000-15V

As—-impregnated 11.2° 35 0.48 1.52

3000°C 1.3 11 0.783 1.38

Greszczuk analyzed a partially debonded unidirectional composite and
reported how the flexural stiffness may be lower than for a fully bonded
composite.6 Using this argument, and from a few simple geometric assumptions
and by scaling Eq. (1), it can be established that a unidirectional composite,
if debonded longitudinally into n identical independent yarn bundles, each of
frequency f, and modulus E, has approximately the same frequency as a fully
bonded composite with modulus E/n. By this argument, for example, the final
sample In Table ! would exhibit the equivalent frequency if it were fully
bonded and had a modulus of 1.3 Mpsi or if it were debonded into n = 1/0.11 ~9
sub-bundles, each with ROM modulus of 1l.8 Mpsi.
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IV. CONCLUSIONS

High temperature creep of unidirectional carbon-carbon composites has
been shown to give rise to changes in microstructure and apparent elastic

modulus, which can indicate cracking and filament-matrix debonding.
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